Objective: This study aims to evaluate the prevalence of inappropriate hospital stays in a tertiary hospital in Shanghai, identify the causes for the inappropriateness and analyze the predictors. Design: A retrospective review of medical records. Setting: The cardiology and the orthopedics departments of a tertiary hospital in Shanghai, China. Participants: About 806 patients discharged from the cardiology or the orthopedics department of a tertiary hospital from March 2013 to February 2014. Interventions: Two reviewers audited 8396 hospital days of the cardiology department (n = 3606) and the orthopedics department (n = 4790) by adopting the Chinese Version of the Appropriateness Evaluation Protocol. Univariate and multivariate analysis were adopted to identify the predictors of higher levels of inappropriateness produced by internal causes. Main outcome measure: The prevalence of inappropriate hospital days. Results: It was found that 910 (25.2%) and 1940 (40.5%) hospital days were judged to be inappropriate in the cardiology and the orthopedics departments, respectively; and 753 (20.9%) and 1585 (33.1%) of these inappropriate hospital days were due to internal reasons, respectively. Awaiting tests, surgery or discharge were determined to constitute the main causes of inappropriateness for both departments. The predictors of higher levels of inappropriateness in the cardiology department were younger age, self-pay, outpatient admission and inappropriate admission. Selfpay, surgical and/or first-time admission patients exhibited the highest levels of inappropriateness in the orthopedics department. Conclusions: The rates of inappropriateness in the involved departments were relatively high. Further interventions should be designed and implemented, accordingly.
Introduction
In 2013, the average length of stay (ALOS) in public hospitals in China was 9.8 days [1] , while in Economic Cooperation and Development (OECD) countries, it was 8 days [2] . With regard to specific diagnoses, the ALOS for acute myocardial infarction was 9.6 days in urban hospitals in China, and this number was approximately 7.0 days in OECD countries. Furthermore, the ALOS for infectious and parasitic diseases was 7.4 days in OECD countries, while ALOS for inpatients in China was 9.9 days (urban hospitals) [1, 2] . This discrepancy reflects the differences in the health care system, clinical practice and the possible existence of inappropriate hospital days. Prolonged hospital stays are associated with poor quality and inefficiency. Studies have found that excessive hospital days imply a greater possibility of nosocomial infection, and induce higher hospitalization costs [3, 4] . Thus, it is critical to evaluate the appropriateness of hospital utilization in China.
In order to contain the costs that result from inappropriate hospital use, utilization review (UR) projects have been conducted in many countries. UR adopts reliable screening tools to identify inappropriate utilization in order to target interventions for inappropriateness [5, 6] . The Appropriateness Evaluation Protocol (AEP) is one of the most widely adopted UR tools. The AEP has also been modified for adaptation to the particular context of an evaluation project. For example, the pediatric AEP developed by Kreger and Restuccia [7] , the Portuguese version of the AEP developed by Bentes et al. [8] , and the Dutch version of the AEP by Pannis et al. [9] . Efforts to apply the AEP to hospitals in China can be dated to 2008 [10] . However, former studies either adopted the directly translated version of the AEP without testing its reliability, or applied the protocol to less intensive settings or underage patients [10] [11] [12] [13] [14] . In order to form a reliable UR tool for hospitals in China, in 2015, the AEP was modified by an expert panel of cardiology and orthopedics physicians in two tertiary hospitals in Shanghai [15] .
This study aimed to measure the prevalence of inappropriate hospital days in two clinical departments of a tertiary hospital in Shanghai using the Chinese (C)-AEP to explore predictive variables of inappropriateness, and identify the causes of hospital stays.
Methods
The cardiology and the orthopedics departments of a tertiary hospital in Shanghai agreed to participate in the study voluntarily. In addition, the two departments were taking part in a hospital quality improvement project which involved medical record quality. The academic ethical commission of the hospital granted the researchers access to relevant electronic clinical records. There were 79 and 105 beds in the cardiology and the orthopedics departments, respectively; and 3017 and 3915 inpatients were discharged from these two departments, respectively, from March 2013 to February 2014. The ALOS for these two departments was 10.57 (±5.86) and 10.36 (±5.98), respectively.
The hospital stay section of the C-AEP was adopted as the screening tool for this study [15] . There are three batteries of the C-AEP hospital stay section: medical services, nursing/life support services and patient condition factors (see Supplementary material for details of the criteria). Each battery comprises several items, which justify the appropriate number of hospital days. An appropriate hospital day should satisfy at least one criterion. If a hospital day does not satisfy any of the criteria, the reviewer will categorize it as inappropriate. The reviewers were also required to record the main reason for each inappropriate hospital day. The Override Option served as the subjective part of the study. This allows the reviewer to override the objective criteria with his/her own knowledge and experience. The reliability and validity measured through the Kappa coefficients of the inter-rater agreement between the two C-AEP reviewers and between the two C-AEP and two expert reviewers were 0.743 (95% confidence interval [CI]: 0.698-0.767) and 0.691 (95% CI: 0.644-0.717), respectively. By adopting the Landis and Koch's scales, the C-AEP can be considered to be both reliable and valid [15] .
All records of patients who were admitted on randomly selected 2 days per week from March 2013 to February 2014 were extracted from the electronic clinical records system of the involved departments. Patients under 16-years-old, died or discharged over 30 days were excluded. Stays over 30 days were also not included because the hospital has a formal regulation to intervene in prolonged hospital stays on the 31st day, which might influence the results of inappropriateness. Two experienced reviewers were recruited. These reviewers were required to independently audit each hospital day (including the admission day). At the end of every working day, a meeting was held for the reviewers to reach a consensus on every judgment, including the decision of appropriateness, the corresponding C-AEP items and the causes of inappropriateness.
In addition to the appropriateness of hospital days, the socioeconomic variables of the patients, including gender, age, marital status, employment, Hukou and payment method, were collected. The Hukou is the residential registration system in China, which serves as an indicator of residence distance. Admission route, service type, readmission, the Charlson comorbidity index (CCI) and the appropriateness of the admission were also recorded by the reviewers. CCI is an index that describes the severity of a patient's comorbidity/comorbidities according to mortality risk and resource-intensity [16, 17] . The results of the appropriateness of admissions have been presented in another working paper, and only the final result of the prevalence was referred to in this study (working paper: Appropriateness of admission in a tertiary hospital in Shanghai, China).
Average and percentage were employed in the descriptive analysis, according to the nature of the data. The significance of differences was tested by Student's t-test, one-way analysis of variance (ANOVA) and Pearson's correlation test, accordingly. Variables that have a significant association with inappropriateness in the univariate study were introduced to the multiple regression analysis. The multivariate regression model was performed to identify the predictors of inappropriateness. A P-value < 0.05 was considered statistically significant. Microsoft Office Excel version 2010 and SPSS version 20.0 were used for data entry and analysis, respectively.
Results

Reasons for inappropriateness
A total of 8396 inpatient days that involved 806 cases were reviewed, in which 3606 days were from the cardiology department and 4790 days were from the orthopedics department. Among these number of days, 910 (25.2%) and 1940 (40.5%) hospital days from the two departments were judged as inappropriate, respectively. The reasons for the inappropriate hospital days are presented in Table 1 for each department. These reasons were categorized into two groups: internal factors and external factors. Internal factors refer to delays due to manageable causes, and external factors are delays due to the patient, his/her family, or to other system factors that do not necessarily relate to the provider. Consequently, 82.6% (n = 753) and 81.8% (n = 1585) of these inappropriate hospital days were internally ascribed.
Awaiting tests, surgery, or discharge constituted the major internal causes of inappropriateness for both departments. Furthermore, 182 (20.0%) and 492 (25.4%) inappropriate hospital days were caused by delays in test execution in the cardiology and the orthopedics departments, respectively. Specifically, the patients received formal orders from a physician, but the arrangement regarding the test was delayed. Awaiting surgery led to 156 (17.1%) and 488 (25.2%) inappropriate hospital days in the two departments, respectively. Delays in discharge were another main barrier to appropriateness. Moreover, 354 (38.9%) and 479 (24.7%) hospital days in the cardiology and the orthopedics departments, respectively, were judged as inappropriate due to delayed discharge.
External factors related to the patient/patient's family account for 3.6% (n = 32) and 9.3% (n = 180) of the inappropriateness in the cardiology and the orthopedics department, respectively. Service delays due to weekends were identified as another main reason for inappropriateness. 13.7% (n = 125) and 8.9% (n = 172) of inappropriate hospital days, respectively, were delays caused by weekend days.
Prevalence of inappropriateness by patient characteristics
Since only the inappropriateness caused by internal factors was assumed to be manageable, 157 days and 355 days of the inappropriate hospital days in the cardiology and the orthopedics departments, respectively, caused by the patient or other system factors were excluded. After adjusting for external causes, inappropriate hospital days accounted for 20.9% (n = 753) and 33.1% (n = 1585) in the cardiology and the orthopedics departments, respectively. The average length of inappropriate hospital stays was 2.20 (±2.48) days and 3.42 (±2.96) for the cardiology and the orthopedics departments, respectively. The prevalence of inappropriate hospital days according to patient characteristics is presented in Table 2 . The difference in the inappropriateness between the two gender groups in both departments was not statistically significant. However, age was significantly associated with the percentage of inappropriateness in the cardiology department. No significant difference was found between different marital or employment statuses. Patients without a Shanghai Hukou had a higher percentage of inappropriate hospital stays in the cardiology department, while Hukou was not necessarily related to inappropriateness in the orthopedics department. In addition, self-pay patients had higher levels of inappropriateness than patients who paid with insurance in both departments. Hospital days of re-admitted patients and/or the surgical patients group exhibited a higher prevalence of inappropriateness in the orthopedics department. In the Cardiology Department, inappropriate admission had a significantly higher level of inappropriate hospital stays.
Predictors of inappropriateness
Results of the multivariate analysis are presented in Table 3 . The independent variable is the percentage of inappropriate hospital days. In the cardiology department, age, payment method and admission route were independently associated with longer inappropriate hospital days. With regard to the orthopedics department, self-pay, surgical and/or first-time admitted patients had higher levels of inappropriateness.
Discussion
A substantial percentage of hospital days in the tertiary hospital were inappropriate. It was found that 25.2% and 40.5% of the hospital days in the cardiology and the orthopedics departments, respectively, were unjustified through the C-AEP, respectively. International studies have demonstrated that the level of inappropriateness varies between countries, hospitals and clinical departments. However, the prevalence of inappropriateness in this study was higher than the findings of most studies conducted in similar wards. For instance, Soria-Aledo et al. found that 15.0% and 3.7% of the hospital days in the cardiology and orthopedics departments, respectively, of a hospital in Murcia were inappropriate [18] . A study conducted in a teaching hospital in Italy indicated that 21.0% of the hospital days in the cardiology department were inappropriate [19] . As previously mentioned, the higher levels of inappropriateness may constitute the underlying reason for longer ALOS in China.
The majority (82.7% [n = 753] and 81.8% [n = 1585] in the cardiology and the orthopedics departments, respectively) of inappropriateness was attributable to internal factors related to the provider. In the studies of Restuccia, physicians were responsible for the majority of the delays [20, 21] . Nevertheless, in this retrospective study, it was difficult to attribute these delays to one specific factor due to incomplete information. For example, waiting for surgery could be caused by the unavailability of a surgeon, the full schedule of the operation room and/or the absence of a critical piece of key equipment. These contents were not recorded explicitly in the medical record system. In addition, in our study, the inappropriateness caused by external factors was not assumed to be improvable. For instance, some routine tests for non-emergency patients are not provided during the weekends or on holidays in the hospital. However, in the long-term, it is possible that part of the inappropriateness caused by external factors could be improved by the provider. For example, according to Blecker et al., length of stay can be reduced through enhancing the weekend continuity of care [22] . In addition, improving the communication between the physician and patient could reduce the inappropriate days caused by a patient's pending decision. It is worth noting that the cause 'patients asks to leave' is responsible for 2.2% (n = 20) and 8.0% (n = 155) for the cardiology and orthopedics departments, respectively, of the inappropriate days, which was not frequently observed in other studies. In this study, patients asked to leave for various reasons, e.g. work issues, family obligations, social activities, etc. Moreover, it is agreed that the existence of inappropriate hospital days is unavoidable. However, identifying an acceptable level of inappropriateness has long been discussed, and no consensus has yet been reached. However, our study can provide some evidence that the number of inappropriate days due to external factors can serve as a benchmark. Specifically, the acceptable level of inappropriateness in our study was 17.3% and 18.4% for the cardiology and the orthopedics departments, respectively. Awaiting test execution, surgery and discharge constituted the main reasons for inappropriateness in both departments. Similar results were also found in a number of studies [23] [24] [25] . These findings highlight the lack of concordance among the internal sectors of the hospital during several key points in the whole treatment. Improving the consistency of the inpatient service process is critical, and a joint effort is required to reduce the inappropriate number of days. A possible solution to the inconsistency is clinical governance (CG). Evidence has demonstrated that CG can serve as an effective tool in reducing inappropriateness by integrating the practices of quality improvement [26] . Adopting guidelines and protocols for practice processes has also been shown to have a positive impact on the appropriateness of health care services [27] .
Self-pay patients had higher levels of inappropriate hospital days than patients who paid with insurance in both departments. The influence of payment method on the appropriateness of hospital utilization has been seldom studied. In Shanghai, the main cost containment method of medical Insurance is global budgeting. Each year, the basic medical insurance fund management department assigns a lump-sum of money to public hospitals, and each hospital has the responsibility to decide how this sum is allocated among the insured patients. The cap is calculated on the basis of the costs of precedent years. If insurance expenses exceed the cap, the hospital and insurance fund must share the excess part at a certain percentage. Since there is no such cost control mechanism for self-pay patients, according to the cost shifting theory, the hospital would provide more unnecessary services to them [28, 29] .
In addition, self-pay, younger age, outpatient admission and/or inappropriately admitted patients also exhibited a higher prevalence of inappropriate hospital days in the cardiology department. Age has been identified as a predictor for inappropriateness in a number of studies [30] [31] [32] . However, the conclusions were mixed. Our finding was in line with the studies of Soria-Aledo et al. and Pileggi et al., which determined that younger age constituted a risk factor for inappropriateness. A possible reason for this is that less intensive care (e.g. fewer life support treatments) is required for less elderly patients [31, 33] . Former studies have also found that the admission route is related to the appropriateness of hospital use [34, 35] . This result underlines the importance of improving consistency in the health provision process for outpatient admitted patients. Moreover, inappropriately admitted patients had longer inappropriate hospital stays in the cardiology department. A similar phenomenon has been also reported by various studies [23, 33] .
The percentage of inappropriateness was higher for non-surgical and/or first-time admitted patients in the orthopedics department. In our study, the average inappropriateness level of medical patients was 11.55% higher than surgical patients. This result agrees with the studies of Soria-Aledo et al. [31] , Angelillo et al. [36] and d'Alché-Gautier et al. [4] . Some researchers have concluded that this is because medical patients require more diagnostic tests and most surgical patients are admitted with an assigned surgeon [31] . With regard to the larger magnitude of inappropriateness in re-admitted patients, our hypothesis is that these re-admissions were with explicit diagnoses, and the required diagnostic process was briefer.
This study possesses several limitations. First, the systematic sampling method might have a negative effect on the accuracy of the estimations, because longer hospital stays would have a higher representativeness in the sample. However, since the major objective of this study was to elucidate the predictors of higher inappropriateness levels, and the days were randomly selected each week, these results were of adequate explanatory power for the inappropriate hospital utilization of these two departments. Second, the medical records of the hospital were prepared for many purposes, and a longer period of time was required by the reviewers to search for critical information and make decisions regarding appropriateness. It is therefore suggested that records should be prepared in advance of the review process to improve efficiency. In addition, due to the lack of an integrated referral system in China, the destination of discharge was not recorded in the medical records. Although this limitation does not affect the results of inappropriateness, we suggest that interested researchers conduct concurrent review to improve the completeness of data.
